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DUAL NOMENCLATURE IN GEOLOGICAL 
CLASSIFICATION. 1 



At the meeting of the American Association for the Advance- 
ment of Science, at Rochester, in 1892, while discussing a paper 
of Professor James Hall, read by Mr. Merrill, on the classifica- 
tion of the Devonian rocks in eastern New York, I ventured to 
express the opinion that the time was ripe for the recognition of 
the duality of the group of facts which geologists attempt to 
classify in what we call the geological column or scale of 
formations. 

Since that meeting, Mr. Darton has published a paper 2 restat- 
ing and commenting upon substantially the same facts reported 
by Hall and proposing a special use of the name Catskill. Still 
later papers have appeared by Professors Stephenson 3 and 
Prosser 4 discussing the proposition made by Mr. Darton, the 
one from the stratigraphical, the other from the paleontological 
point of view. There is also now going on the preparation of a 
revised geological map of New York state, containing the typi- 
cal paleozoic section for North America. These and other rea- 
sons have led me to think it not inopportune to ask the serious 
attention of geologists to the adoption of a dual method of 
nomenclature in the classification of the facts of historical 
geology. 

There is nothing novel in the proposition that there are both 
stratigraphical and chronological divisions in the geological 
classification, but it is only recently that practical geologists 

1 Presented to the Geological Society at its meeting in Boston, December, 1893. 

2 Oneonta and Chemung formation in Eastern Central New York. Am. Jour. Sci., 
III., Vol. XLV., p. 203. 

3 J. J. Stevenson : On the Use of the Name Catskill, Am. Jour. Sci. III., XLVI., 
33°- 

4 C. S. Prosser : The Upper Hamilton and Portage Stages of Central and Eastern 
New York, Am. Jour. Sci., III., XLVI., p. 212. 
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have seen the importance of classifying terranes and periods sepa- 
rately. 

James D. Dana, 1 in 1855, set forth, with great clearness, the 
importance of the chronological classification of rocks, and in 
his manual 2 all geologists have been made familiar with the 
meaning of a chronological classification of stratified rocks, but 
the classification is a classification of rock strata, and the time- 
divisions are those determined by the strata, so that but one 
nomenclature has been needed or used. 

The International Congress of Geologists was the first to 
distinctly formulate a dual method of classification, but here, 
too, it was only two ways of classifying one set of facts that 
was proposed. The divisions of the scale have been identical 
and in the terms of strata. The Congress was organized for the 
purpose of unifying nomenclature, but one of the most impor- 
tant results of the Congress has been the discovery that uni- 
formity, in the sense first proposed, is not practicable. 

In advocating a dual nomenclature, I would carry the differ- 
entiation one step farther, and propose that we give a different 
nomenclature to the time-scale, and classify it independently from 
the terrane-scale, because the fossils by which its divisions are 
determined contain, in themselves, the evidence of their time rela- 
tions. In an article in The Journal of Geology 3 I described 
the history of the elaboration of the system of nomenclature 
and classification now in use, and showed how the geological 
formation is the actual unit of classification in the present sys- 
tem. Having called attention to the fact that the geological 
formation and the geological period have become thoroughly 
differentiated, I remarked in closing that " the elaborating fur- 
ther and making more precise the geological time-scale must 
come from a direct study of the life history of organisms as 

1 See Proceedings of the American Association for the Advancement of Science 
for 1855; also On American Geological History, Am. Jour. Sci., II., Vol. XXII., 

PP- 335-344- 

2 Dana : Manual of Geology, 1st edition 1863, 2d edition 1874, 3d edition 1879. 

3 The Making of the Geological Time-Scale. Tour, of Geol., Vol. I., pp. 180- 
196. See also Elements of the Geological Time-Scale, Vol. I., pp. 283-295, 1893. 
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recorded in the stratigraphical formations" (p. 197). It is the 
carrying out of this thought which requires the adoption of a 
dual nomenclature in the classification. 

Perhaps the best thing that can be said in favor of such a 
proposition is, that it will enable us to record the facts of our 
science with greater precision, accuracy, and truthfulness ; and 
nothing worse, I think, can be said against it than that it will 
cause confusion and difficulty in mapping and in the estimating 
of the relations and values of the old terms and system of class- 
ification, this simply because it is not the old system. Evolution 
has worked the same difficulty in the classifying of organisms, 
because it has suggested that species are changing and not fixed 
quantities, and in the early part of this century the principle of 
identification of rocks by their fossils upset, in a similar way, 
the elaborate classification of the Wernerian school based upon 
the supposed natural sequence of particular kinds of rocks. 

Where new geology is being elaborated, the application of 
the dual method may be easily attained, and the adoption of the 
method by the United States Geological Survey has therefore 
been found possible and practicable. But the greatest difficulty, 
and hence the real retardation of progress, is found in applying 
the method where standards have been established and used on 
the old basis. The New York rocks constitute, for North 
America, the standard section of Paleozoic geology. They were 
classified on the basis of unity and integrity of geological for- 
mations. 

By unity, I refer to the notion that a geological formation is 
an integral unit in the single geological stratigraphical column, 
which may be identified in distinct geographical regions by its 
fossils ; and by integrity, I mean the notion that a formation is 
the same in its position in this column, wherever found, thicken- 
ing and thinning, and even changing somewhat in the character 
of its material from place to place, but always the same in its 
relation to other formations. 

Therefore, in discussing geology in North America, it has 
become a practice to use such terms as Oriskany, or Niagara, or 
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Potsdam as names of geological divisions of the scale of which 
there are a definite number. These arranged in a definite order, 
according to English sequence of systems : Cambrian, Silurian, 
Devonian, and Carboniferous, etc., constitute the standard geo- 
logical scale. 

These formations have also been called Epochs and Periods, 
and because the succession of time is continuous, the strict appli- 
cation of the method has required the filling of the whole inter- 
val, from the Cambrian to the Carboniferous, by these formations, 
except when unconformity gives marked evidence of break in 
the record. The old system requires that in all the sections, 
the lines separating the formations from one another shall coin- 
cide with the stratigraphical divisions, and progress has been 
checked by the authoritative rebuke, from those who are sup- 
posed to know, of any timid suggestion that the geology of a 
newly discovered section does not conform to the standard. 
We are already familiar with the proposition that there are such 
systems, groups and formations, on the one hand, and Ages, 
Periods and Epochs, on the other, but our whole nomenclature 
and classification is applied and used as if the divisions indicated 
by the two categories were strictly synonymous ; in fact, the 
nomenclature of the International Congress went no farther 
than to propose that the names of the divisions of the one cate- 
gory, viz.: group, system, series, stage, should be applied to the 
same concrete geological facts as the corresponding names of 
the other category, era, period, epoch, age, and that these names 
of the categories should be universally used ; as if, a century 
ago, zoologists had proposed that class, order, family, genus, be 
used in a uniform manner by all naturalists. It is the essential 
idea contained in this differentiation of nomenclature, in two 
directions, which I would here emphasize and elaborate. 

When geologists consider the two scales, the time-scale and 
the formation-scale, it is found that the divisions are not synony- 
mous, but that there are two distinct sets of facts confused in 
our present nomenclature and classification. There is a geolog- 
ical time-scale, and, however we subdivide it, or however we 
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mark or distinguish the divisions one from another, as a scale it 
is one and continuous, the parts or divisions of the scale come 
up to each other and are in a regular succession, but they cannot, 
from the nature of the scale itself, overlap or duplicate each 
other. Uniformity in nomenclature, and definite well-known 
standards and limits, and accepted means of recognizing each 
division for universal use, are essential to the perfection of this 
time-scale. In all geological literature only one name should 
be applied to each subdivision of the time scale, and there 
should be recognized for each of the grander divisions a prime 
standard, in some particular place on the earth, whose marks 
may be examined with closer and more minute discrimination as 
the science develops in precision. Further, in each continent 
we need separate standards which shall be compared as accu- 
rately as possible with the prime standard, so that each conti- 
nent may have its typical geological time-scale, in concrete form, 
with which local formations may be corrected. 

The above applies, however, only to the time-scale ; the list 
of geological formations is a totally different thing ; there is no 
universal uniformity of geological formations ; to attempt to 
apply a single set of names to them is always more or less to cramp 
an4 distort the facts. Geological formations are local affairs, and 
to restrict geological classification to a single formation scale is 
to hide-bind the progress of science. There may be as many for- 
mation scales as there are examined sections of stratified rocks, 
and we know that all the marks by which a formation may be 
defined constantly vary, so that the definition of a formation, 
small or great, is not alike for any ten miles of its extent, and 
often ten feet of extension will show clear marks of difference. 

Thus we see that there are two distinct sets of facts with 
which the geologist has to deal, and the United States Geolog- 
ical Survey has clearly recognized this truth in giving rules for 
the definition and naming of geological formations, independent 
of time relations, which are left for the more deliberate determi- 
nation of the paleontologists. It is not, however, in the new 
work so much as in the revision of old standards that the appli- 
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cation of the dual system of nomenclature needs to be insisted 
upon. And when the occasion for revision of an accepted stand- 
ard, such as the geology of New York state, appears, it is more 
important to adapt the classification to the needs of the coming 
century than to preserve the imperfections of the one now clos- 
ing. It was a bold step when, over fifty years ago, the New 
York state geologists, Emmons, Mather, Vanuxem and Hall, dis- 
carded the then standard Wernerian classification to which 
McClure and Eaton had, with great pains, adjusted our Ameri- 
can geology, and, describing the New York rocks just as they 
found them, with new names and a new classification, formed 
the New York system. This New York system has become the 
standard formation-scale for American geology. 

But since the New York system was described, the fossils, 
which were then looked upon as mere marks by which to identify 
the formations, have come to be known as the evidences of the 
gradual evolution of species, each one holding its definite place 
in a continuous history of organism. As stratigraphy replaced 
the Wernerian lithology in classifying formations in 1840, so 
now paleontology comes forward to take the place of strati- 
graphy as the true means of classifying geological periods. 

The case of the Catskill formation is in point. It has been 
a recognized fact, since the New York State Survey Reports 
were published, that the Catskill formation of New York was 
peculiar to the eastern parts of the state, and that it thins out on 
passing westward, and that the Chemung formation is well devel- 
oped in western New York, and becomes insignificant or is want- 
ing in the east. According to the single method of geological 
classification, it is necessary to call one above or below the 
other, and in our geological columns we have been accustomed 
to see the Catskill as the upper member of the Devonian lying 
above the Chemung, and because usage has vacillated between 
the time-scale and the formation-scale the confusion has been 
very difficult to formulate, or to bring to the minds of geologists. 

If we are discussing the formation-scale, it is true to the 
facts to speak of the Catskill formation as lying above the Che- 
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mung formation, except that it does not express all the truth or 
the exact truth, for when the Catskill deposits are found in rela- 
tion to the Chemung deposits in a continuous section, some 
Catskill facies of sedimentation do succeed the marine Chemung, 
but it may not all succeed all the Chemung, as the testimony of 
numerous observers in Pennsylvania and further south shows. 

When, however, we are talking of the time-scale the confu- 
sion is more apparent ; for it is clear that one period cannot 
both precede and follow a second period. Either the Catskill 
Period must follow the Chemung, or the Chemung must follow 
the Catskill, or else they are synonymous terms, and one is 
superfluous. When Mr. Darton proposes that Catskill be used 
in place of Chemung, he is reasonable on the old basis of the 
old method of classification, but the facts are not thus eluci- 
dated. The facts are that the Chemung period is synchronous with 
a part of the Catskill period, but that the Catskill formation is 
distinct from the Chemung formation, and when they occupy the 
same section the Catskill formation succeeds the Chemung. 

Those who have watched the discussion of the classification 
of the Upper Devonian, will remember that one of the greatest 
difficulties presented in the progress of field studies has been the 
fact that collectors have so frequently reported fossils where 
they ought not to be. Formations, classified as Catskill in the 
books, have yielded Chemung fossils, or, above so-called Catskill 
rocks, Chemung fossils have appeared, or above Hamilton rocks, 
in rocks regarded as Portage, have been found Hamilton fossils 
again. Geologists on the Pennsylvania Survey have met with 
serious rebuke for proposing Chemung-Catskill and similar names 
which have thrown discredit upon the integrity of the formations. 
These discrepancies have been interpreted to be evidence that 
the observers could not tell the two formations apart, or had 
been mistaken in their observations ; but the true interpretation 
is that the criteria for determining the divisions of the time-scale 
have disagreed with the criteria of the formation-scale. The 
latest phase of the discussion has appeared in the papers of 
Stevenson, Darton and Prosser, before cited. 
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In the discussion of Professor Hall's paper at the Rochester 
meeting, the question came definitely before us as to the relative 
value of fossils and structure as means of determining or tracing 
equivalency of age of formations. In that discussion I main- 
tained that fossils are always the only certain means of carrying 
from one geological basin to another the evidence of time- 
relations of the deposits, that structure was indicative of equiva- 
lency only when actual continuity of a formation can be traced. 
Both of Mr. Stevenson's I papers recognize the physical features 
of the formation to be of great importance in determining its 
position in the time-scale, and in his use of terms he appears to 
be classifying formations and yet using the language of the time- 
scale. In his presidential address he maintained, as quoted by 
himself, that the series of beds included within the Catskill and 
Chemung Periods should be grouped into one period, the 
Chemung, with three epochs, the Portage, the Chemung and the 
Catskill (page 320), and in his paper in 1893, he insists that the 
Chemung, and not the Catskill, is the epoch whose name should 
be applied to designate the whole group, while Catskill must be 
retained in its original signification only. 

Mr. Darton, on the other hand, is discussing the formation- 
scale alone. The principal purpose of his investigation is said 
to be to determine the relations and distribution of the Oneonta 
and Chemung formations (p. 203). In the passage on the status 
of the name "Catskill" the author proposes to discontinue the 
use of Catskill as a coordinate formation term, and use the term 
" Catskill group," to include the Portage and Chemung 
formations (p. 209). He maintains, correctly, I think, that the 
term Catskill has been applied in the past to beds of a certain 
lithologic character — the hard sandstones and red shales — and it 
has had no definite stratigraphic significance. The rocks of the 
Catskill Mountains and westward have no distinctive fauna of 
stratigraphic significance, and they cannot be correlated on 
paleontologic grounds (p. 208). 

1 The Chemung and Catskill (Upper Devonian on the Eastern Side of the Appal- 
achian basin). A. A. A. S., Vol. 42. 

On the use of the name Catskill. Am. Jour. Sci., Vol. XLVI., p. 330. 



DUAL NO M EN C LA TURE. I 5 3 

On the assumption, which has been the common practice up 
to the present time, that the divisions of the time-scale and of 
the list of formations are synonymous, it is reasonable to insist 
that the Catskill and the Chemung are not correlative terms, and 
that, in case we apply them as formation names, the one must 
succeed the other, but I think we all know that this is not the 
case. We know, that is, that in western New York a continuous 
section takes us through Hamilton, Portage, Chemung, Con- 
glomerate and Carboniferous formations j 1 that a like section in 
the meridian of Cayuga Lake takes us through Hamilton, an 
interval filled with Spirifer levis beds, the Ithaca group and 600 
feet with Portage fauna, then the Chemung, the Catskill, and 
finally the Carboniferous. Farther east the interval between the 
Hamilton and Chemung is filled by rocks with an advanced 
stage of the Hamilton fauna ; then the Oneonta and next rocks 
with another stage of the Hamilton fauna, then the Chemung 
and the Catskill. Still farther east, Chemung drops out from 
the series ; and if we go on to Maine and Eastern New Bruns- 
wick, the Hamilton also falls out, and a long series with the 
latest marine fauna an Eodevonian Oriskany fauna, separated 
from the Carboniferous deposits by several thousand feet of 
deposits which, faunally and structurally, may be considered 
equivalent to the Catskill of New York. It is evident, thus, 
that at different localities the Catskill formation has a time 
value in one place equivalent to the closing part of the Chemung 
formation ; at another place to the whole of the Chemung ; at 
another to the upper part of the Chemung, and also an earlier 
stage during the formations of the Ithaca formation ; at another 
place it represents the whole upper Devonian, and, if we mean to 
extend the use of the name to Maine, to the whole of the upper, 
middle, and most of the lower Devonian. 

It is, therefore, clearly inappropriate to use the term Catskill 
as a name in the time-scale, because it has no common definition 
in that scale. It is an appropriate local formation name for 
deposits succeeding Hamilton or Chemung formations in Eastern 

'See the table on p. 155. 
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New York and farther southwest. It should not be applied to 
cover the three divisions of the Upper Devonian, because as a 
time indicator it is inappropriate, as just stated ; and as a form- 
ation name it has already a use, and should not be used in two 
senses ; and, thirdly, even if used in the more comprehensive 
sense, it is inapplicable because the Portage and Chemung are 
not represented, at least only imperfectly, in the geological area 
named Catskill. 

The Catskill is a distinct and well defined geological form- 
ation, but it is not a period or an epoch, nor does it represent 
any particular period of geological time. The classification of 
the Upper Devonian deposits is a very difficult matter when it is 
attempted to make a continuous series of the formations of New 
York alone. As I have previously shown, the succession of 
faunas in the sections of New York rocks at distances of not 
over fifty miles apart make plain this fact. At the Cayuga lake 
meridian, the section is Hamilton, terminating with Tully lime- 
stone and Genesee shale, then the Ithaca group, which has first 
a Portage fauna, then the Ithaca fauna, third, the Portage fauna 
again, and finally Chemung capped by Catskill and Carboniferous. 
A little further east of the Chenango valley, it is Hamilton; then 
a fauna intermediate between Hamilton and Ithaca (but no Tully 
or Genesee) ; then the Oneonta, a brackish and fresh water fauna; 
then the late Ithaca fauna, still with Hamilton types in it; no Port- 
age fauna, but Chemung fauna following the upper Ithaca fauna. 1 

In this faunal succession there is a clear indication of the age 
of the Oneonta sandstones. It is clearly in the midst of the 
rocks characterized by the Ithaca fauna. As I have shown in the 
paper referred to, 2 the marine Brachiopod faunas occupying the 
place between the Hamilton and the Chemung faunas in Central 
New York, of which the Ithaca is the best known, are modified 
successors of the Hamilton, or Mesodevonian fauna, and the 
Oneonta group, with its fresh and brackish water fauna is in the 

1 Williams : The Classification of the Upper Devonian. Proc. Am. Assoc. Adv. 
Sci., Vol. XXXIV., p. 225, 1886. 

2 Proc. A. A. A. S., XXXIV., 1885, pp. 222-3. 
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midst of it ; that is, the Ithaca fauna is both below and above it. 
Again, upon going further west, the same interval is filled by a 
non-brachiopod marine fauna, i. e., that of the typical Portage 
group of Genesee valley, and the Ithaca group of Ithaca is in the 
midst of the corresponding rocks of the Portage, as the Oneonta 
is in the midst of the Ithaca. This I interpreted, in the paper 
referred to, as indicating that the succession of faunas was con- 
trolled by oscillation of levels during the accumulation of the 
deposits, the eastern shores rising during the first half of the 
Portage (of the Genesee valley series) so that, during the par- 
ticular stage represented by the fossiliferous zone of the Ithaca 
group, Portage fossils were being accumulated in the Genesee 
valley sediments, Ithaca fauna at Cayuga lake meridian, and, from 
Chenango eastward to Oneonta, sands with fresh water Amnigenia 
and Holoptychius characteristic of the Catskill formation. 

THE FORMATIONS OF THE DEVONIAN SYSTEM IN THE APPALACHIAN 
REGION AND THEIR RELATIONS TO THE TIME-SCALE. 
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The table on page 1 5 5 presents the facts regarding these forma- 
tions, and what I conceive to be the chief difficulties in attempt- 
ing to use a single nomenclature and classification. The question 
at once arises how will a dual nomenclature help us over these 
difficulties. 

On the left I have placed a part of the time-scale adjusting 
the formation-scales for the several sections, approximately as I 
think the fossils indicate their time relations to have been. 

Formations maybe described for a particular geological section 
with precision as to kind of rock, stratigraphical sequence and 
thickness, and, as we compare one section with another, we are 
obliged to become more indefinite in our description and speak in 
generalities, or averages ; and therefore the wider we extend the 
use of a formation name, the less accurate and the more indefinite 
does it become. 

On the contrary, in the distinguishing of time-relations or 
position in the time-scale, the individual facts, the local handful 
of fossils are the more indefinite, indicating only, it may be, 
Paleozoic or Mesozoic age. The extension of the comparison to 
the study of fossils above and below, and to the comparison of 
fossils in adjoining sections, and to their geographical distribution 
for a wide extent, increases the precision in locating position in 
the geological time scale. 

It happens, thereto re,. that, while formation definitions are best 
constructed in the field in the presence of the actual rock section, 
the time definition becomes more accurate the more thorough the 
investigation of the fossils is made. Hence in constructing a 
time-scale, it begins properly with the grander divisions, and it 
is built up and perfected by subdivision, whereas the forma- 
tion-scales begin with the lesser strata and are elaborated and 
completed by adding together successive strata. 

The grander divisions of the time-scale are already in use. 
These are universally known as the Paleozoic, the Mesozoic, and 
the Cenozoic. The primary sub-divisions of these geological 
times are also very widely understood and used. They may be 
called eras, and are named Cambrian, Ordovician, Silurian, Devo- 
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nian, Carboniferous (constituting the eras of Paleozoic time), 
Triassic, Jurassic, and Cretaceous (the eras of Mesozoic time), 
and Eocene, Neocene, and Recent (the eras of Cenozoic time). 
Each of these eras is known, not by the formations which repre- 
sent it, but by the fossils which characterize it. Proceeding in 
the same manner, I would propose that we subdivide the eras 
into Periods, according to the lines which paleontologists have 
generally come to recognize as convenient and natural, making a 
three-fold (or in some cases a two-fold division) of each era, and 
that they be distinguished by prefixing the syllables Eo, Meso and 
Neo, to the name of the era, thus : the Eocambrian, or the period of 
the Olenellus fauna, the Mesocambrian, or the period of the Para- 
doxides fauna, the Neocambrian, or the period of the Dikelloceph- 
alus fauna, and in the Devonian, the Eodevonian, Mesodevonian, 
and Neodevonian, and in the same manner for each of the other 
eras. 

Although attempts have been made to make finer divisions 
of the time-scale, into Epochs and, lately, into Hemerce, 1 it is 
doubtful whether our knowledge of the history of organisms is 
sufficiently advanced to enable paleontologists to define the fauna 
of an epoch so that it can be made use of for more than a thou- 
sand miles of geographical extent, and the hemetcB of single species 
cannot be considered as precisely alike in two distinct geological 
provinces. 

In the application of this time-scale to any particular case the 
degree of minuteness of definition will depend upon the knowl- 
edge we have of the time relations of the contained fossils. In the 
case in hand, the fauna of the Catskill is not sufficiently definitive 
in itself to enable us to be more precise than to assign it to the 
Devonian Era. This is affirmed by the fact that, in England, the 
old Red Sandstone is known not as a part of, but as the represen- 
tative of the whole Devonian. If we attempt to define the age 
of the Catskill formation by faunas immediately preceding or 
succeeding it, the definition in time is equally indistinct, because 

1 S. S. Buckman : The Bajocian of the Sherborne Districts, its Relation to Subjacent 
and Superjacent Strata. Q. J. G. S., Vol. XLIX., p. 479-522, Nov., 1893. 
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not alike for different sections which are geographically not 
greatly separated from each other. 

The Catskill formation is primarily a local formation exhibited 
in the Catskill mountain region of New York, distinguished phys- 
ically as a series of sandstones and shales with greater or less 
red-color, and by the absence of marine fossils, and the occasional 
presence of shells and fish believed to have been of fresh or 
brackish water habitats. It is the local expression of the broad- 
ening shore condition of the continental elevation which brought 
in the coal-making, or Carboniferous age of eastern North Amer- 
ica. As a formation, it is separated from what went before by the 
reddening, or graying of the sandstones and shales, their coarser, 
more irregular structure, the departure of marine organisms, and 
the occasional appearance of brackish water shells, fishes, and 
some fossil drift-wood and plants. In relation to the time scale, 
the period of beginning of this formation varies with the regions 
in which it is exposed. At its extreme eastern extension, on the 
peninsula of Gaspe, and in eastern New England, it began in the 
Eodevonian Period. Along the Hudson River, it began at the 
beginning of the Neodevonian, or perhaps before the termination 
of the Mesodevonian. In the region of Oneonta and westward 
it began soon after the beginning of the Neodevonian Period, and 
then withdrew eastward, the marine conditions returning over the 
region leaving the Oneonta formation as its record, and later in 
the middle of the Neodevonian, it returned and continued on to 
the close of the Devonian era. In the region of Bradford County, 
Pennsylvania, it did not begin to be deposited till near the close 
of the Neodevonian Period. Farther west the Olean Conglomer- 
ate marks the final close of the Devonian Era, and the formation 
in question did not begin till after the close of the Devonian. In 
the eastern Pennsylvania and more southern sections, its age varies 
with the locality. In general, it is terminated above by indica- 
tions of the presence of permanent land conditions, either massive 
beds of rounded pebbles or conglomerates, or thin beds of coal 
or carbonaceous shales, or, in the absence of actual change in 
formation, the line is arbitrarily set by the supposed tracing of 
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equivalency of stratigraphical position by the structure from some 
region in which such marks are evident. 

The Pocono and the Mauch Chunk are, as formations, but the 
continuation of the Catskill formation upward and are of local 
value as formation-names, but of little or no value as elements of 
a time-scale. 

Thus the Catskill may continue to appear in the list of forma- 
tions of New York, and the Appalachian province, where it gener- 
ally appears as a Neodevonian formation, but it is useless to define 
or to discuss its more exact position in the time-scale, because its 
own time-criteria range through the whole Devonian Era, and its 
relations to formations whose time-criteria are more exact is indefi- 
nite and inconstant. 

If we grant the truth of the general principle here set forth, 
it is evident that the increase of formation names can be no more 
objectionable than the increase of the names of mountains ; and 
that there is no more reason for applying the same name to two 
formations which are of the same age, but differ in position and 
structure, than there is in giving two names to mountain ridges 
of the same range. The classification of formations into groups 
or systems will depend upon considerations of geological structure, 
and only secondarily upon time considerations ; and even in the 
latter case, only because the same general geological events have 
affected the sedimentation in a similar way for a wide extent 
geographically. 

On the other hand, the time-scale will depend for its classifi- 
cation upon the fossils and not upon structure. Stratigraphical 
sequence, of course, is important in reading fossils, but only as 
in a sentence, or on a page, the sequence of the words is impor- 
tant. 

An organic species, or a genus, or an order lived only during 
a particular period of time, and it is for this reason that the fossils 
have an intrinsic time-value, but a mineral, or a rock may have 
been formed under like conditions and present like characteristics 
at any period of geological time. I refer of course to clastic 
rocks, and those formed through processes of sedimentation. 
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Marine invertebrates for the Paleozoic, and later marine verte- 
brates constitute the most satisfactory means for discerning geo- 
logic age, because the oceans, in which they live, are of world- 
wide extent and inter-communication. They are distributed 
around the globe, and from pole to pole, so far as the adaptation 
to conditions of environment will permit. Hence, we find it to 
be a fact that, at every period of geological time, there are repre- 
sentatives in all regions of the globe of the same species, or of 
closely allied species such as to mark the close correlation of time 
of their living. While this is true, it must be borne in mind that 
correlation cannot be made by fossils to a finer degree of dis- 
crimination than the facts of specific integrity allow. The life- 
period of species is not uniform, and the wider the distribution, 
the longer is, as a rule, the range ; so we find, in practice, that 
with the present knowledge of fossils it is rarely possible to dis- 
criminate age to a finer degree than that indicated by the periods, 
Eocambrian, Mesocambrian, and Neocambrian, or similar periods 
for the other eras. Within such general limits, time relations can 
be discriminated by the fossils alone, and the progress of science 
will enable us to recognize more minute divisions of time as we 
proceed. 

On the other hand, formations, being local phenomena, are dis- 
criminated with greater precision locally, and the indefiniteness 
in application of formation names increases with the wideness of 
the territory covered. No classification of terranes can be of 
universal application, for no formation, or formation character, or 
criterion of determination, is of world-wide extent. The time 
divisions are more precisely defined the larger they are ; the for- 
mation divisions are more precisely defined the smaller they are, 
and progress of knowledge will extend the precision in opposite 
ways for the two scales. 

Henry Shaler Williams. 
Yale University, 

New Haven, Conn. 



